We extend an interrupted time series study design to identify heterogenous treatment effects using group-based trajectory models (GBTMs) to identify groups before a new policy and then examine if the effects of the policy has consistent impacts across groups using propensity score weighting to balance individuals within trajectory groups who are and are not exposed to the policy change. We explore this by examining how adherence to endocrine therapy (ET) for women with breast cancer was impacted by reducing copayments for medications by the introduction of generic ETs among women who do not receive a subsidy (the "treatment" group) to those that do receive a subsidy and are not exposed to any changes in copayments (the "control" group).
H ealth services researchers are often interested in the effect of a new policy, treatment or program on individuals' outcomes. While evidence from a randomized controlled trial is preferred, it is often not ethical to conduct a trial and even when this is ethical, clinicians, and policy makers often need to make decisions much faster than clinical trials can provide answers. Therefore, we are left to use quasiexperimental approaches to evaluate the impact of treatments, policies, and programs.
One of the strongest and most widely used approaches is a before and after comparison of individuals that are exposed to a treatment, the treatment group, and those that are not, the comparison group, often referred to as an interrupted time series study design. 1 This approach allows researchers to control for any secular trends that might bias the estimate. One test researchers often use to ensure that groups are similar to look at outcomes before treatment or policy change occurs, often referred to as the parallel trends test. 2, 3 In this study, we build on this concept and extend it using a new approach developed in developmental psychology and criminology, group-based trajectory models (GBTMs), to ensure those in the treatment and comparison group have similar baseline outcomes and then look at outcomes within each identified group. 4, 5 GBTMs, an extension of finite mixture models, can capture the complex longitudinal pattern of an outcome by clustering individuals with a similar progression of an outcome over time, overcoming the limitations of summary outcome measures. 6 This approach allows one to capture differences not only in the average within a group but the different trajectories of use within a group. We then take the identified groups and balance between those who will be exposed to a policy change and those that will not using propensity score weighting. This approach improves upon prior approaches in 2 ways. First, we are ensuring that the exposed and unexposed groups are similar based on more information than just typical covariates, but also prior outcomes. 4 Second, this approach allows a new way to identify heterogenous treatment effects outside of previously described approaches. 4 Using this approach, researchers may able to identify subgroups where the treatment is likely to be most effective.
Radical innovation has occurred in breast cancer in the past 25 years. Patients are diagnosed earlier and offered better treatments, resulting in dramatically improved survival. One of the most important additions to treatment regimes has been adjuvant hormonal therapy (HT) for hormone-sensitive breast cancer. These therapies have shown to reduce breast cancer recurrence by 40% and death by over 30%. Hormone therapies include tamoxifen and aromatase inhibitors (anastrozole, letrozole, and exemestane), which can be used together or separately, and are suggested for use, 5-10 years postdiagnosis. Despite these clinical benefits, 30%-50% of patients discontinue or poorly adhere to their medications within the first 3 year of therapy.
Prior research documented the influence of out-ofpocket costs has on adherence in breast cancer as well as other cancers where orally administered agents are used. The prices are particularly high for standard Medicare Part D beneficiaries, with prior research finding the median monthly out-of-pocket spending was over 30 dollars for endocrine therapy (ETs) when the drugs were under patent. However, in 2010 and 2011 (July 2010 for anastrozole and April 2011 for letrozole and exemestane), ETs lost patent protection and as a result, standard Medicare Part D patient's out-of-pocket plummeted to a median of under 10 dollars.
Medicare Part D program provides an excellent setting to evaluate the impact of the reducing out-of-pocket spending for ETs, due to the introduction of generics, on adherence for many reasons. First, Medicare requires that all cancer drugs are on all formularies. Second, individuals whose incomes are up to 150% of the federal poverty line are offered the lowincome subsidy (LIS). The LIS lowers patient's premiums, deductibles, and copayments. Prior work has shown that LIS beneficiaries out-of-pocket costs showed little variation in response to ETs becoming generic, consistently <3 dollars a month. Previous research in this area has found that lower copays for LIS beneficiaries is associated with increased adherence for hypertension and hyperlipidemia drugs when compared with their more affluent counterparts 7 and within breast cancer recent research has found that the generic introduction of ETs resulted in increased adherence. 7 GBTMs, as described in the developmental psychology and criminology literature by Haviland et al, 4 will be used to estimate the impact of hormonal therapies becoming generic on adherence for women with breast cancer. We selected breast cancer adherence to HT for many reasons. 8 First, patients are supposed to be adherent to medication for at least 5 years after diagnosis. 9 Second, there is a large body of research that has documented widespread nonadherence to treatment. [10] [11] [12] [13] Third, expected utilization is easy to measure since treatments are administered orally and taken as a daily regimen. Fourth, these medications have recently become generic, with an impact on adherence 14, 15 in unsubsidized patients. The objective of this study is to examine how adherence to ET for women with breast cancer was impacted by reducing copayments for ETs by the introduction of generic ETs among women who do not receive a subsidy compared with those that do receive a subsidy and are not exposed to any changes in copayments. We examined this using a novel application of GBTMs.
METHODS

Study Population
We used Surveillance, Epidemiology, and End Results (SEER) Medicare linked data for this study. We identified women age 66 years or older with a first diagnosis of breast cancer during 2008-2009 who were continuously enrolled in Parts A and B fee-for-service Medicare 1 year before diagnosis and continuously enrolled in Part D until 1 year after a generic version of the drug they initiated treatment was introduced. We excluded patients who were not alive at the end of the study. We excluded women with metastatic disease or unknown stage at diagnosis. We excluded women that initiated tamoxifen as it was generic for the entire study period. We also excluded women that initiated treatment before diagnosis. Lastly, we excluded women that did not have at least 1 fill before the 12 months before generics and did not have at least 1 fill within the 12 months before generics (n = 2359). This resulted in a final cohort of 3344 women. On the basis of initial treatment, we categorized women as being an anastrozole user or another HT user (letrozole or exemestane) because the date that their medications became generic varied. For those that initiated anastrozole, we examined their adherence in the 12 months before and after when anastrozole became generic, July 1, 2010. Similarly, for those that used a different HT, we examined adherence in the 12 months before and after when letrozole and exemestane became generic, April 1, 2011.
Adherence to HT
We created a supply diary recording if a person had HT supply available for each day after the index prescription fill using the HT dispensing date and the days of supply from the prescription drug event file. If a person had overlapping supply of > 1 ET medication (eg, they filled a prescription for letrozole before exhausting their supply of an exemestane), we created separate supply diaries for each drug and merged supply diaries rather than allowing for days supplied to be added across drugs.
For each month during the 12 months prior and 12 months after the ET of interest becoming generic we created an indicator using the proportion of days covered in the month to define adherence. We dichotomized this monthly adherence measure by considering individuals with at least 80% of days covered classified as adherent, as used in prior literature. 16, 17 Covariates Women who received the LIS were treated as a "control" group since they had consistently low copays. Individuals were classified as receiving the LIS in 1 of 2 ways: (1) if they received a LIS through Medicare; or (2) if they qualified for both Medicaid and Medicare (ie, "dual-eligibles") at the start of observation period (12 months before a drug became generic). The LIS dramatically reduces the copays for patients. Prior work has documented that copays remain relatively constant for patient that receive the LIS (quarterly outof-pocket spending ranging from 7 to 9 dollars before generics to 2-4 dollars after generic introduction), but for patients who do not receive the LIS their copays dramatically decreased (quarterly out-of-pocket spending ranging from 100 to 200 dollars before generics to 30-15 dollars after generic introduction). 14,15 Therefore, we compared those that received the LIS and did not to examine how copays influence utilization. Consistent with prior work examining the influence of out-of-pocket spending and adherence to orally administered cancer medications, we included the following covariates in our propensity score model: age at diagnosis, age squared, race, ethnicity, comorbidity (Klabunde comorbidity index 18 ), SEER urban/rural, diagnosis year, number of other drugs, number of other drugs squared, and time since diagnosis and generic date (see Appendix Fig. 2 , Supplemental Digital Content 1, http://links.lww.com/MLR/B651, for additional details on when variables were measured). 8, 19, 20 Statistical Analysis Adherence Trajectories Before Generic HT Extending the concept of parallel trends to GBTMs, we first established adherence trajectories during the year before generic introductions. 2, 4, 5 We modeled longitudinal adherence before generic introduction using GBTMs using "Proc Traj," a free downloadable add-on package to base SAS (SAS, version 9.2, Cary, NC) for our analysis. GBTM simultaneously estimates several models and combines information across all models to maximize the likelihood function. 21 The primary model assumption is that the withinperson correlation structure is fully explained by the trajectory curve for each woman's group. In addition to the estimated trajectory curves, the model allows us to extract estimated probabilities of group membership for each person and group. For a detailed explanation of using GBTMs refer to prior work. 6, [22] [23] [24] The longitudinal outcomes, 12 monthly binary indicators of adherence before generic being introduced, were modeled using logistic regression for the group-specific models with time defined by months until HT is generic. For all models we allow third-order polynomials to model adherence over time, as recommended for 12 timepoints. 22 We used the Bayesian Information Criteria (BIC) to identify the number of group for our model. 25 See Appendix 4 (Supplemental Digital Content 1, http://links.lww.com/MLR/B651) for additional details on model fit criteria. GBTMs assign a person's probability of being in a particular group based on their adherence across time. Individuals are assigned to the group where their membership probability is highest, called the maximum probability rule. We used this information to ensure that the groups identified were appropriate by examining the mean maximum probability within each group. A commonly used threshold for membership probabilities is an average of ≥ 0.7 across all members assigned to the trajectory. 23, 25 In addition, to ensure that the number of groups is appropriate, we examined the difference between the estimated group probabilities and proportion assigned to each group using the maximum probability rule can also be used to measure model fit with values closer to 0 indicating a better fit.
Adherence After Generic ET
We next examined adherence after HT became generic within each of the pregeneric trajectory groups. We compared those who received the LIS subsidy and those that did not to examine how reducing copayments will impact adherence. Using the output of a propensity score model, we created standardized inverse treatment probability weighting (IPTW) for each group identified in the GBTM to compare LIS and non-LIS women-meaning we estimated separate propensity score models for each adherence trajectory group that were standardized. 4, 26 We stabilized the propensity score weights by multiplying the IPTW weights by the marginal prevalence of the treatment they received, providing an estimate of the treatment effect in the population. The variables included in the propensity score model were: age at diagnosis, age squared, race, ethnicity, comorbidity (Klabunde comorbidity index), SEER urban/rural, diagnosis year, number of other drugs, number of other drugs squared, and time since diagnosis and generic date. In addition to standard approach of examining the P-values, we assessed the differences between LIS and non-LIS groups after apply the IPTW using standardized differences, with a > 0.10 difference interpreted as meaningful. 26 Generalized estimating equations (GEE) with IPTW were used to examine the impact of generic HT on patient adherence to HT. The unit of analysis is the person month, with each individual contributing 12 months of postgeneric adherence information. We used modified Poisson model (a log link and Poisson distribution) to estimate the adjusted risk ratios (aRRs) with 95% confidence intervals (CI). 27 Statistical significance was defined as P = 0.05. We ran separate models for each trajectory group adjusting for LIS status and pooled models which included all groups and interacted group assignment and LIS status. These 2 approaches resulted in consistent estimates and we will display results from the separate model analysis [the pooled model results can be found in (Appendix 1, Supplemental Digital Content 1, http:// links.lww.com/MLR/B651), Table 1 ].
Sensitivity Analysis
We conducted many sensitivity analyses to assess the robustness of our results. First, we ran a doubly robust model which included all covariates from the propensity score model in the modified Poisson model to ensure that no measured covariates are confounding the result (Appendix 1, Supplemental Digital Content 1, http://links.lww.com/MLR/ B651, Table 1 ). Second, we ran separate models for anastrozole users and other HT users. In these analyses, we estimated new GBTM for users of each medication (anastrozole and other HTs), estimated IPTW for each identified group and then GEE models to estimate the effect of access to generic medication on adherence. Third, we conducted an additional sensitivity analysis that only included individuals who did not switch to a different ET throughout the 24-month study period. Again, for this sensitivity analysis we estimated new GBTM, estimated IPTW for each group and GEE models to estimate the effect of generic medication on adherence (Appendix 2, Supplemental Digital Content 1, http://links.lww. com/MLR/B651). Fourth, to ensure that our results were not due to treating adherence as a binary variable, we assessed whether the results were consistent when adherence was treated as a continuous variable. For this sensitivity analysis we estimated new GBTM using a normal distribution, estimated IPTW for each group and GEE models with a log link and binomial distribution to estimate the effect of generic medication on adherence (Appendix 3, Supplemental Digital Content 1, http://links.lww.com/MLR/B651).
RESULTS
After applying our inclusion criteria, we have a sample of 3344 women (Appendix 1, Supplemental Digital Content 1, http://links.lww.com/MLR/B651, Fig. 1 ). Characteristics of the 3344 women included in our cohort are presented in Table 1 . The mean age at diagnosis was 74.3 (SD:6.0), 87% were white and 71.3% did not receive LIS. Roughly half did not have comorbidity and almost two thirds of the sample used > 6 drugs in the prior year.
Adherence to ET over the 1-year pregeneric is presented in Figure 1 . After evaluating model fit, we identified that a 6-group adherence trajectory model was best suited for our sample of those tested (Appendix, Supplemental Digital Content 1, http://links.lww.com/MLR/B651, for model fit and performance details). Adherence groups appeared to fit 6 patterns: (1) consistently high (N = 1571); (2) slow decline, then increase (N = 463); (3) rapid decline, then increase (N = 341); (4) slow decline (N = 381); (5) rapid decline (N = 162); and (6) consistently low (N = 426) (Fig. 1) .
When comparing characteristics of women assigned to each of the trajectory groups we found that women classified as belonging to the "consistently high" adherence group had the highest rate of receiving the LIS, being black or a nonwhite race ( Table 1) . The "consistently low" group was more likely to use more medications and were older on average. When comparing those who receive the LIS within each group (Tables 2 and 3) we find applying IPTWs there are many significant differences between groups, however, after applying IPTWs there are not any statically significant differences within each group between LIS and non-LIS beneficiaries. However, when examining the standardized differences, we identified some comparisons where the standardized difference is > 0.10 indicating covariate imbalance between groups.
When comparing non-LIS to LIS beneficiaries' overall adherence, the generic introduction did not impact a patients' adherence. However, when looking within specific groups ( Table 4) we found that the adherence of beneficiaries categorized as "consistent low" (aRR = 1.91, 95% CI = 1.34-2.72; P ≤ 0.01) improved in response to generic introduction of HT. In sensitivity analysis, for anastrozole users we found that that generic status decreased adherence for non-LIS beneficiaries among those who adherence was inconsistently high (aRR = 0.89, 95% CI = 0.81-0.98; P = 0.02). Among those using other HTs, we found that generic introduction was associated with improved adherence among those whose adherence was categorized at "consistently low" (aRR = 2.14, 95% CI = 1.14-4.01; P = 0.02).
When using a doubly robust estimation, we found similar results with non-LIS beneficiaries categorized as "consistent low" (aRR = 1.92, 95% CI = 1.35-2.73; P ≤ 0.01) adherence increasing compared with LIS beneficiaries. In addition, we found "consistently high" non-LIS adherence decrease following the introduction of generics (aRR = 0.98, 95% CI = 0.95-1.00; P = 0.05) when compared with LIS beneficiaries in the same trajectory group. This result is similar to the baseline result, but now statistically significant.
DISCUSSION
In this article, we describe an approach new to health services research which aims at improving inference regarding the impact of a policy, program, or intervention. This approach aims to fully utilize the richness of longitudinal data that is often a key feature of health services research studies using claims. GBTM are used to identify subgroups whose longitudinal outcomes before an intervention or policy or program change are similar and for who treatment effect may or may not vary. Following identification of groups, we then use propensity score methods to balance measured covariates between individuals within trajectory groups. This not only results in balance on observable covariates but also balance in longitudinal outcomes between the treatment and comparison group before the treatment group received treatment. This approach not only improves balance between those that receive treatment and the comparison group, but it also aids in transparency of the findings. As previously described by Haviland et al 4, 5 this approach results in being able to present and communicate easy to interpret findings, which can be particularly challenging when trying to communicate heterogenous treatment effects as we found in this study. However, it should be noted that this approach has a similar threat to validity as other interrupted time series approaches, specifically there is bias if there are secular trends that differentially impact the treatment and comparison group in period after the intervention occurs.
When using this approach, it is important to keep "time in order." 5 Specifically, we must make sure that the outcomes we measure using trajectories occur before the patient receives treatment. It should be noted that many observational studies will compare patients which have made choices. Such as how receiving a surgery is associated with quarterly health care expenditures. We believe that in these cases this method may be particularly informative since the analyst can examine any heterogeneity of treatment effect by prior expenditure trajectory. In addition, this approach can be used when there are not average baseline parallel trends in the overall population. Other applications of this approach could include settings where patients are followed longitudinally and then exposed to an intervention. For example, in a crossover trial, patients' trajectories of any longitudinal outcome could be measured to identify subgroups before the crossover occurs. This approach could be used as a post hoc analysis of trial data to identify heterogenous treatment effects. It is unlikely that this approach could be used when designing a trial as identification of trajectory groups is a data-driven process and may vary from one sample to another. Like typical interrupted time series studies, nonobserved factors may drive any differences between groups and restrict the research from making causal claims. However, this approach may help control for some nonobserved differences if they are captured in the trajectories.
Our research findings contribute to the larger body of research focused on the importance of copays in orally administered oncology drugs. Prior research has found high copays can reduce adherence and delay initiation for some targeted therapies. 20, 28, 29 This research has been consistent within breast cancer and ETs. A prior study on younger women and Medicare Advantage patients found that the introduction of generics increased adherence. A different study looking at women in fee-for-service Medicare plans also found there was less variability in adherence throughout the year for non-LIS beneficiaries due to the introduction of generics. This novel approach has been able to identify a long-lasting impact on adherence for those with the lowest adherence. However, this method needs to be applied in other settings to examine whether consistent results are found. Our results suggest that, at least for this population, costs were limiting the use among patients with the lowest adherence.
This study has limitations. First, there are limitations due to the nature of pharmacy claims, specifically we do not assess patients who never initiated treatment and among those that use the medication of interest, we do not know if a patient actually uses the medication. We also require that participants live through the entire study period which may bias the finding if HT adherence and LIS is associated with short-term survival. However, the impact of HTs on survival is typically seen at least 5 years after initiation. Therefore, conditioning on a future event of being alive for this specific treatment likely results in very little if any bias. In addition, we were not able to assess recurrence which would result in patients discontinuing ETs. It is not clear whether this should vary by receipt of LIS. The second class of limitations in this study stems from our modeling approach. This approach cannot account for nonobservable characteristics driving differences. However, unless these differences were timevarying, they would be controlled for because the study design exploits a "natural experiment" of ETs becoming generic.
This study introduces a new approach to health services researchers to better understand the effects of policies, programs, and treatments using observational data by combining GBTM and propensity score weighting. This approach can be used to examine whether treatment effect is consistently found within a population or if treatment effect varies within subgroups which can be important both when an overall effect is found and not found. This approach can be easily implemented in all major statistical packages (Stata, SAS and R) and generates intuitive output. This approach is particularly well suited for much of health services research as we often have longitudinal data from claims databases and allows us to fully use the richness of these data sources to create comparable treatment and comparison groups to estimate the population effect as well as identify heterogenous treatment effects for subgroups identified from the GBTM. We believe that this approach could be used in many other areas of health services research. 
